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This report describes the development and application of quantitative

methods for long-range forecasting undertaken by the Projections and

PR g o

Plans Department of CACI, Inc. from March 1973 to February 1974,

The research was supported by the Defense Advanced Research Pro-

jects Agency, Contract No. DAHC15-71-C-0201, Modification Nos.

- 200011 and P00013.

During March 1972 to February 1973, CACI, Inc. developed 3 single-

1 it equation models that forecast values of 3 key concepts, international
c;)nf'lict, international alignment, and domestic stability, for 20

i 1
Indian Ocean countries for the 1981 to 1990 period. The work re-

I. .
; £ ported upon in this report is based partly on the Indian Ocean research,

w
but develops an interactive model for Europe that examines the relation-

ships among five central environmental descriptors: international
conflict, international alignment, international trade, internal instability,
and .national power base. The overall purpose of the model is to ac-

b quaint national security analysts with modern long-range forecasting
1 techniques and to provide a long-range forecast of Europe (1985-1995)

for these five descriptors.

This Interim Technical Report is a three-volume document. Volume I,
the Sumimary Volume, summarizes work on all tasks of the current

contract in nontechnical language. Volume II, the Technical Volume,

i See CACI, Quantitative Methods for Long-Range Environmental
{ B . Forecasting, Interim Technical Report No. 2 (Arlington, VA,

February 1973).
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contains various models that forecast the five descriptors for the

European environment over the long range. Volume III, a Research

Guide for long-range forecasting, develops a research design to be

used by national security analysts to generate quantitatively based long-

range forecasts,
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CHAPTER 1: PROJECT TASKS

The major tasks to be performed by CACI in this study are as follows: !

Task I: Expand the Number of Long-Range Environmental Desc riptor
Concepts.

The number of long-range environmentai descriptc-s shall be expanded

from three to five to include additional descriptors of special interest
to JCS/J5 and other DoD agencies involved in long-range forecasting.

Two subtasks are subsumed under Task I:

Subtask A: Selection of Specific Descriptor Concepts
Subtask B: Operationalization of the Selected Descriptor Concepts

Task II: Examine the Interactive Effects Among Central Descriptors.

The interactive effects among the central environmental descriptors
shall be described and analyzed, and hypothétical, theoretical, and em-
pirical relationships among these descriptors shall be derived. The

single-equation models of international conflict, international alignment,

and domestic stability employed in the research todate shall be revised

to reflect the complexities introduced by these interactive effects.

Task III: Test the Generality of the Long-Range Environmental Fore-
casting Models.

Since the international conflict, international alignment, and domestic
stahility long-term forecasting models have only been applied experi-

mentally to the countries of the Indian Ocean area, the generality of

See CACI's unsolicited proposal entitled '"Quantitative Methods for
Long-Range Environmental Forecasting II" (Arlington, Va., January,

1973).
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these three models and the additional central-descriptor models selected
in Task I shall be tested by systematically applying these models to
another region of the world. This application shall include not only

postdictions but forecasts of each concept.

Task IV: Forecast the Long-Range Environment for Additional Selected

Regions.

The central-descriptor models shall be applied to at least one additional
region of the world besides the Indian Ocean. Forecasts shall be made
of all of the central descriptors of the long-range environments of each

of the selected regions. Postdictions of all concepts for each region

shall be made to demornstrate model validity.

Task V: Develop a Long-Range Forecasting Research Guide.

A long-range forecasting Research Guide shall be prepared that shall
systematically describe the specific tasks to be performed in develop-
ing a long-range environmental forecast. The Guide shall enumerate
the major subjects, central concepts, descr-'iptors and predictors of

those concepts, the sources of available data for the predictors, and

the recommended technique(s) for analyzing the data. This Research

Cuide shall be based on and supplement the General Handbook for

2
Long-Range Environmental Forecasting previously published.

Task VI: Prepare the Final Report and Disseminate the Results.

The Final Report shall describe all the research and analyses performed
under Tasks I through V. The results of the long-range regional envi-

ronmental forecasts shall be described in detail, as shall the methods,

2

CACI, A General Handbook for Long-Range Environmental Fore-
casting, Vol. I (Arlington, Va., February 1973),
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techniques, and data emplouyed in the various analyses. This task
shall include disseminating the major findings of the project to potential
users in the national security community in the form of briefings, tech-

nical reports, or other appropriate means.

Each of these tasks has been addressed and accomplished in the fol-

lowing manner.

Task I. After consulting with various DoD agencies, especially

JCS/J5, the number of central environmental descriptors was increased
by two to include, besides the original three, national power base and
international trade.” These two de scriptors were picked to satisfy

two criteria: users' needs and CACI's belief thai the descriptors

could be forecast over the long range with some credibility.

Task II. To meet the requirements of this task, a 12-equation simul-
taneous model was constructed in which the central environmental
descriptors or components of the descripto'll's interact to explain one
ancther. Thus the values of variables in some equations are themselves
determined by other forecasting equations. This characteristic of the
model was absent in the single-equation Indian Ocean models that

simply forecast alignment, conflict, and stability independently of

each other. e

Tasks UI and IV. After consulting with JCS/J5, it was decided that

the interactive model called for in Task II would be tested on the

European environment of 1985-1995, the period covered by the current

See CACI, Quantitative Methods for Long-Range Environmental
Forecasting.
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JLRSS. This area was picked primarily because most.of the European
countries are fairly well-endowed with data, and because most of them
are industrialized, well-developed countries. This is in contrast to

the Indian Ocean countries studied in the previous research effort.

Task V. Under the first phase of the contract, CACI published A Gen-

eral Handbook for Long-Range Environmental Forecasting which iden-

tified 11 techniques that can be used to generate long-range forecasts.

One major criticism made by users of the General Handbook was that

it described each forecasting technique fairly accurately, but did not
show the analyst how to use it. To correct this problem, A Research

Guide for Long-Range Environmental Forecasting has been prepared.

This document describes a step-by-step procedure to generate long-
range forecasts. The Guide is based on and uses the techniques des-
cribed in the Handbook and should, therefore, be used in conjunction

with it.

4

See CACI, A General Handbook for Long-Range Environmental
Forecasting, Vols. I and II,
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CHAPTER 2: PROJECT PRODUCTS

This project has generated three main products: theoretical models of
the five central environmental descriptors; simulation of the models

and forecasts of the long-range European environment; and a Research

Guide that describes how to generate quantitative long-:ange environ-

mental forecasts. The output of the resiearch effort has also been
disserinated verbally to the user community by regularly scheduled
meetings and briefings. A series of briefings on the work as it pro-
gressed were presented to the Action Officers for the JLRSS. Further-
more, a vaper entitled, "The Use of Quantitative Methods for Long-
Range Environmental Forecasting" w.as presented at the 32nd Session

of the Military Operations Research Society.

THE THECRETICAL MODELS

Volume II of this study presents most of the theoretical discussions
concerning the development of the models used to generate forecasts

of the five central environmental descriptors. Each central environ-
mental descriptor is discussed in detail and indicator and operational
measures of each descriptor are chcsen. Furthermore, equations

that are used to forecast values of the descriptor variables are
specified. Owing to the nature of the interactive model, certain de-
scriptor variables are used as preuictor variables for other descriptors.
.For example, international trade, a céntral environmental descriptor,
is an explanatory variable of international alignment, another descriptor
variable. Chapter 3 of this volume summarizes the research that has

been done on these five central environmental descriptors.

4
J
3
-
-;

i
!



R Ol e

et A L

e e A

SRR ST 2 VT S AT A0 v — Ly, ke S T

;
4
3
3
}
.
?ﬁi
A
3
|

gt 2 o e e e i it bl (el Eaec I Lo

g L T Tt 1T R A PR g e
L St S e el e L ol e e Whdien oo Tl [
AR . - Glrain s . 3 "

THE COMPUTER SIMULATION

Forecasts of the descriptor variables are generated by a simulation of

a dynamic model that examines interactive effects among the five de-

scriptor variables and a set of eéxogenous variables. The simulation

is an on-line model that allows man/machine interaction. By quanti-

tatively or qualitatively reestimating certain pParameter values, or by

changing some variable values at various points in time, the analyst can

alter the forecasts. This simulation is an important part of CACI's.

integrated approach to forecasting. By interacting with the computer

through a terminal, analysts can inject any qualitative inputs they de-

sire into the model. These inputs will, in conjlmction with the quan-

titatively derived inputs, generate new sets of forecasts that can be

evaluated for plausibiiity. The Appendix to Volume II presents the

simulation program for the dynamic model.

THE RESEARCH GUIDE

The Research Guide, Volume III of this stucy, is a four—chapter docu-

ment that demonstrates how to generate long-range forecasts. It is

based on the assumption that the analyst is not well-versed in social

science research, bu’ is nevertheless familiar with the forecasting

techniques described in A General Handbook for Long-Range Environ-
mental Forecasting.

The first chapter of the Guide shows the analyst

how to build a conceptual model. The term model, as well as the com-

ponents of a medel, namely, variables, parameters, and functional
relationships are defined. Various qualitative techniques that may
be used in choosing the variables, parameters, and relationships are
described. The use of a cross-impact matrix is suggested as one

method of separating endogenous from exogenous variables. Finally,

e
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basic and important functional relationships that relate variables to

one another are explained.

The second chapter of the Guide, the '"Data Collection Phase,' dis-
cusses three important phases of data collection--~selecting indicators
of the variables, operationalizing the variables, and collecting the data.
In the data collection phase, the analyst is referred to Volume II of the
Handbook ir.1 which cver 300 data files and 7000 variables are described.
Furthesmore, the chapter discusses various techniques that are de-.

signed to deal with missing data problems.

Chapter 3 of the Research Guide discusses the parameter-estimation

phase of the forecast effort and describes ways to derive the functional
relationships that relate variables to one another. Once again, the

techniques suggested are explained in the General Handbook.

Chapter 4 of the Research Guide presents a hypothetical forecast model

In this model, a hypothetical analyst is assumed to be interested in
forecasting the national power base of the People's Republic of China.

The example carefully traces each step in generating and evaluating

the forecast.
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CHAPTER 3: THEORETICAL MODELS

This chapter summarizes the work that has been done on developing
models to forecast values of the five central environmental descriptors
considered in the analysis: national power base, international align-
ment, international conflict, internal instability, and international
trade. Substantive theoretical and empirical analyses for each descrip-
tor can be found in Volume II of this study. This chapter presents
nontechnical summaries of these descriptors, specifying the equation
used to forecast values of each descriptor for the European long-range
environment, estimates of parameters that were obtained via least
squares regression, and postdictions when appropriate. Actual fore-
casts for each descriptor variable are presented in the next chapter
where the simulation of the dynamic model is discussed. The dynamic
model examines the interactive effects among the five central environ-

mental descriptors.

NATIONAL POWER BASE !

Power has long been recognized by both scholars and practitioners as

a central concept in international politics. The meaning of the concept,
however, engenderé endless debate. In the literature dealing with the
term power, two general categories emerge; one that conceptualizes
power as a relationship between actors, and a second that links power
to the holder. The first category, power characterized as a relation-
ship, suggests that it exists only as influence is achieved and is there-

fore measureable only after it is exercised. Measurement attempts

of this report.

9
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For a complete discussion of this descriptor, see Volume II, Chapter 2
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are usually based on the outcome of the relationship and consequently
depend on the issue that gives rise to the power .relationship. Since
we cannot accurately forecast which issues will be important over the
long range or what positions various nations will take on specific
issues, power characterized as a relationship is not a useful central

environmental descriptor.

The second category, power conceptualized as something pos sessed,
will be used in the long-range environmental forecasting model. To.
distinguish this concept from the power relationship discussed above,
and to suggest the idea of the potential for power, we refer to it as
"power base.' We define power base as the material and human re-
sources a nation can bring to bear to influence the behavior of other
nations. However, while we think of power base as a national attri-
bute, our primary concefn in the model is to forecast the power posi-
tion of nations relative to other nations in the European region. There-
fore, our major criterion for evaluation will rest on the ability of the

models to rank nations relative to other nations on the power-base

descriptor.

National power base is'a vital central environmental descriptor for

the long-range forecasting model. In jts interaction with other cen-
tral environmental descriptors, it serves as an important predictor
variable. For example, power base is linked to domestic instability

as an indicator of the resources available to nations to suppress in-
stability. Furthermore, the two dimensions of national power base

‘or their components are used as predictor variables in the international

conflict, international alignment, and jnternational trade forecasting

models.

T
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Power basc is divided into two dimensions, economic power base (EPB)

and military power base (MPB). The economic dimension is constructed

from four indicators--population (POP), gross national product (GNP),
energy consumption (EN CONS), and GNP per capita (GNP/POP).

The first three tap the size element that establishes national power as

well as specific attributes that contribute to national economic strength.

i bl S T i d i .

LS Thus population provides the manpower necessary to establish and main-
tain a great industrial plant, to field large combat units, and to feed

and supply the soldiers and citizenry. Gross national product adds the

T e TS 2

weight of labor productivity, distinguishing nations with advanced eco-

SR

nomies from those at subsistence levels. Energy consumption empha-

sizes the contribution made by the industrial sector of a nation's economy.

Al Mbe e el

E" The fourth indicator, GNP per capita, reflects the quality factors of

| economic power base and indicates the balance among power elements.

Each of thé first three indicators is first transformed into the nation's

| \ percentage shares of the total in the region. The three percentages
are then averaged. For example, the total population of all the Euro-
pean nations in our model is added together. Then each nation's pop-

s ulation is divided by the total, thereby giving the nation's share. The
three percentage shares indicating the quantitative elements of econo-
mic power base are summed and divided by three to produce an aver-

age which is then multiplied by the qualitative factor, GNP per capita.

1 epp - P POP +% GNP + % EN CONS =~ GNP

3 POP

The military power-base dimension is composed of military manpower

' (Mii, MANPOW), defense expenditures (DEFEX), and defense expen-

DEFEX
© ditur in th d f (
| | itures per maix n the armed forces (T OEow ).

As with the

11
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economic dimension, manpower and defense expenditures represent
the size elements, and defense expenditures per man represent the

quality elements such as leadership, training, and firepower. Here
again, the size elements are transformed into percentage shares,

averaged, and then multiplied by defense expenditures per man.

op o DEFEX + % MIL MANPOW DEFEX
MPB = 2 * MIL MANPOW

Parameter estimates of the indicators that comprise the two dimensions
of national power base are determined via least squares regression
techniques. (Parameter estimates are shown in Volume II, Chapter 2
of this report.) Each predictor variable, derived from hypothesized
linkages to the indicators of power base, is examined to determine

the direction and magnitude of its effect on the power-base measure.
The resulting models are used to generaie '"expected values'' for both
dimensions of national power base. That is, the models are used to
""postdict' economic and military power-base measures for each

European nation year by year from 19{Z to 1970.

The results indicate that the forecasting models provide quite accurate
postdictions of the power-base index and extremely accurate rankings
of nations in the European region on each power-base dimension. For
the economic dimension, the vast majority of postdictions were within
10 percent of the actual values while on the military dimension most
were within 15 percent of the actual values. The major factor that
produces somewhat less accurate postdictions on the military dimen-
sion compared to ’the economic dimension is that the military indica-
tors are far more policy-manipulable. Therefore, a much greater

range of fluctuation is observed in the actual military power-base di-

mension.

12
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However, as we noted earlier, our primary concern is with the accu-

TR L L s s QTR S

! \ racy of the relative postdictions of power base. The rank-order correl-

ation between actual and postdicted ranks on both power-base dimensions

suggests extremely high reliability for the forecasting model. For the

IR R A - B

economic dimension, the correlation was greater than.990 for each year,

indicating almost perfect association between actual and gredicted

NSRS

ranks. On the military dimension, the correlation was usuallylr greater
' than . 980 and never fell below . 965, again demonstrating the high re-

liability of the forecasting model.

ek e e

1 In sum, the forecasting model provides an excellent tool for predicting

relative power base for the nations in the European region. (Power-

: base forecasts are shown in Volume II, Chapter 7.) Furthermore,

I while the index value itself does not correspond to observable values,

. it is suggestive of the magnitude of differences in resources available l

to the nations of Europe.

2
INTERNAL INSTABILITY

An important aspect of the international environment is the viability
| of political regimes. In addition, domestic instability is a factor that
can have an effect on the interactions among nations during the long-
| range future. In the context cf the long-range forecasting model, the
internal instability descriptor is linked directly to both dimensions of

national power base as well as to international conflict.

! Consistent with previous theoretical and empirical work, we divide in-
stability into two distinct dimensions--turmoil and revolt. Turmoil ' i

f ;

2 For a complete discussion of this descriptor, see Volume II, “;

Chapter 3 of this report.
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E | is defined as those destabilizing activities aimed at altering govern-

mental policies or practices, and revolt as destabilizing actions aimed

ks R U R

at replacing governmental policymakers or altering the structure of

—

the policymaking process itself. The distinctions do not necessarily
coincide with the motives of the participants. Rather, they rest upon

a relatively well-developed body of theoretical and empirical literature

A Y e G DL

on internal instability.

Five kinds of events are usually used to measure turnwoil and revolt.

dheein

Turmoii has been operationalized with measures of antigovernment
demonstrations and antigovernment riots whereas revolt has been mea-

sured by occurrences of assassinations, coups d'etat, and armed attacks

AN e Tl L S~ e K

against public and quasi-public institutions. While we have tried to
- maintain consistency with these measurement schemata in this analysis,
the lack of widespread assassinations and attempted coups d'etat in
post-World War II Europe prevented their use as measures of revolt
here. Therefore, armed attacks against public and quasi-public in-
stitutions were used as a measure of revoluﬁonary activity although
this usage is somewhat at odds with the usual conception of revolt as

| J ~a forceful overthrow of the government. Nevertheless, it would be
difficult to imagine a forceful take-over of government institutions
that did not involve armed attacks. Tflus, armed attacks provide an
inclusive operationa.liza’cion which is particularly relevant in the Euro-

| pean context.

The two components of turmoil mentioned above--antigovernment de-
monstrations and riots--were summed to form a composite mzasure.
Unfortunately, these event counts only indicate the number of times

b turmoil activities occurred; they suggest nothing about their scope or

severity. In order to weight the event counts by their relative severity,
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the number of deaths resulting. from domestic conflict was used as a
weighting factor. Thus, levels of both turmoil and revolt were com-
puted by multiplying transformed event data for each category by trans-
formed death tolls. (See Volume II, Chapter 3 for a discussion of data
transforrrations used.) Since the transformations in both cases adjusted
for the expected direction of reporting biases, and those biases were

in opposite directions, combining the two mez sures in a multiplicative
manner further offset the effects of these biases. The composite mea-
sures of the levels of turmoii and revolt, then, are intended to tap the

number and severity of those actions.

A number of variablés hypothesized to affect the levels of turmoil and
revolt were examined with respect to thei.' l.ikages with these two
measures in the 26'Europe;n nations. Idultiple regression analysis
was the basic technique used to extract two sets of predictor variables
from the hypothesized linkages to build forecasting models for the two
aspects of internal instability. Six var.ia"ble.s--population, past levels
of internal instability, alignment distributior;', military power base.

change in trade, and negative government sanctions--were used in the

turmoil forecasting model. Population and military power base proved

to have the strongest linkages to turmoil, each explaining nearly a

quarter of its variance.

The forecast'ing model for revolt contained five variables--present
levels of turmoil, past levels of revolt, international conflict, mili-
tary power base, and gross national product per capita. Two of these
predictors, military power base and GNP per capita, are country char-
a'cteristics. The other three--past revolutiorary activity, present tur-
moil, and the level of international conflict with other nations in the

European system--are behavioral characteristics. Presant turmoil

proved to be the most consistent and strongest predictor of revolt.
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Descriptive models of turmoil and revolt were developed and estimated
with two-stage least squares regression. These models explained 66
percent and 55 percent of the variance in turmoil and revolt, respec-
tively, However, these models could not be used for forecasting pur-
poses because they used turmoil as the primary predictor of revolt
while revolt was used as a predictor of turmoil. It was necessary

to develop recursive models that allowed one of these types of instability
to be forecast from country characteristics and previous levels of

instability, utilizing the first as a predominant predictor.

Unfortunately, the recursive models were not nearly as effective in
accounting for turmoil and revolt in the European nations as were the
fully simultaneous descriptive models. The forecasting equations
developed explained only 46 percent and 53 percent of the variance in
turmoil and revolt, respectively. The difference between the descrip-
tive and forecasting models poiris out clearly the fundamental problem
in forecasting internal instability: de stabiliiing activities occur simul-
taneously; when a nation experiences very high levels of turmoil it is
also likely to experience revolt. However, the linkage between char-
acteristics of the countries and their levels of experienced instability
is much weaker; given knowledge of country size, economic wealth,
military strength, international alignment, and international conflict,
the analyst can forecast the nation's level of internal instability only
within wide bounds. But once the analyst knows that the nation is

experiencing or will experience one kind or level of instability, he

can forecast the other instability with confidence.

There are several theoretical and methodological reasons for this
weak linkage between nations' characteristics and their measured

levels of turmoil and revolt. Clearly, measures of turmoil and revolt
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that only account for nwunber of riots, demcastrations, armed attacks,

and deaths from political violence, miss large and constantly growing
components of internal instability. For examyple, terrorist acts have
recently become a major facet of internal instability, even in the
European nations; yet these acts are simply not reported in data sources

available for analysis.

Just as important are the reporting biases that characterize all major

world newspapers, in our case the New York Times. Because we rely

on our primary data source for information, we do not have data on
the actual number of destabilizing activities that occurred in the
European nations. Obviously, not everything that occurs in every
European nation is reported; in fact, the patterns of reporting are
systematically biased so that more of the extant instability is' reported
for some nations than for others. While we attempted here to con-
struct measures of turmoil and revolt that minimized the effects of

these biases, they are certain to affect our results to some extent.

The data available for analyzing patterns of internal instability inthe
European nations are not reliable enough for forecasting actual levels

of turmoil and revolt in those countries. This situation is especially
unfortunate because the forecasting methods are most unreliable for
nations that experience high levels of instability. Forecasts of turmoil
for this group of nations usually underestimate the extent of instability
that the nation will experience. For nations that usuaily hav= low

'levels of reported instability, however, the forecasting models developed

produce quite accurate and acceptable' results.

What we are faced with here is the classic forecasting trade-off be-

tween precision and reliability. If we were to attempt to make exact
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forecasts of expected levels of turmoil and revolt for the European
nations, those forecasts would be less than completely reliable. Such
an attempt would certainly lack credibility. This does not mean that
less precise forzcasts would be equally unreliable. In fact, the models
developed here are reliable enough to be used to forecast the relative
levels of internal instability in the iluropean countries during the per-

iod 1985 to 1995. (See Volume II, Chapter 7 of this report.)

It is important to realize that less precise but generally reliable fore-
casts are most appropriate for policymaking and policy evaluation; ex-
pectations about comparative levels of instability can properly focus
the attention of policymakers on the development of long-range plans
and contingencies. Increasingly precise forecasts about the absolute
levels of turmoil and revolt expecteci for a group of countriesare of
little marginal use in the policymaking process. For long-range plan-
ning and policymaking, the classic forecasting trade-off clearly favors
reliability over precision. The models devéloped here, then, are
both reliable and credible in the context of long-range planning and
policymaking requirements.

INTERNATIONAL TRADE 3

International trade is defined as the quantity of goods and services
exchanged between two countries per time period. The term does not
include capital flows between countries, investment flows, and uni-

lateral transfer payments such as aid and gifts.

International trade has been selected as a central environmental "

3

For a complete discussion of this descriptor, see Volume II,
Chapter 4 of this report.
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descriptor of this long-range forecasting study because it is an im-
portant predictor variable of other descriptor variables studied in the
project. For example, international trade is an important predictor
variable of international aligument rince countries highly engaged in
trade are al<o li. .y to be aligned. Furthermore, the degree of a
country's dependence on trade will influence its national power base
because the power-base component is based partly or? the percentage
of a nation's GNP which is generated by the foreign sector of its eco-
nomy. The higher the percentage, the more dependent the nation is-on
foreign economies and the lower is its national power base. Finally,
increased trade dependence increases the vulnerability of the domestic

economy to international disturbances and thus may increase the inter-

nal instability of a nation.

Thus far, we have suggested that international trade may be a useful
variable in explaining international alignment, national power base,
and internal instability. In these instances, the linkages between
trade and the other three variables are direct. It should be pointed
out, howr.ver, that international trade may have an indirect impact on
international conflict because trade is a predictor variable of align-
ment and alignment is an explanatcory variable of international con-

flict.

The Elasticity Model

The model used to generate forecasts of international trade is based
on the concept of income elasticities of imports. These elasticities
measure the responsiveness of the percentage change in imports to

percentage changes in GNP, and can be formulated as follows:

i T - L 4 s Rt e e el e a2 L TR T




_ % change in imports
% change in GNP

If e = 1.6, then a 1 percent increase in the GNP of the country considered
will generate a 1.6 percent increase in its imports. The elasticity
of imports can therefore be used to forecast imports, provided future

GNP has been forecast. Alternatively, the ratio c .. be written as:
9% change in imports = (e) (% change in GNP)

An important explanatory variable of imports is price or the ratio of
the price of importables to domestic prices. If this ratio is low for

a particular couatry, then the nation will substitute imports for domes-
tic commodities. If, on the other hand, the ratio is high, then the
country will substitute dome stic commodities for imports and reduce
its level of imports. In either case, prices will influence the quantity
of imports. In order to isolate this influenice, imports and GNP in

the aforementioned equation are deflated or expressed in terms of
some base-period prices. In the analysis, 1970 served as the base-

period-price index.

Since the goal of this model is to forecast bilateral or dyadic trade,
bilateral elasticities had to be estimated. These elasticities tell us by
how much the imports of country i from country j will rise when the
GNP of i rises by 1 percent. These imports are also the exports of j
to i by definition. By estimating bilateral elasticities for all the
European dyads, total intra-Kuropean trade can be forecast over the

desired period. (Actual forecasts of international trade are presented

in Volume II, Chapter 7 of this report.)
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Twenty-six European countries are considered in the international
trade analysis. When taken 2 at a time, 325 dyads are obtained. The
elasticity values, however, are not .symmetrical for a given pair of
countries. This asymmetry means that a total of 650 elasticities, or
twice the number of dyads, had to be estimated. (These estimates

are presconted 12 Tables 8 through 32 of Chapter 4 , Volume II of
this study.)

The elasticities involving Western economies were derived from the
21-year period 1950 to 1970. On the other hand, incomplete data for
intra-Communist trade in the 1950's limited the number of observable
years and yielded elasticities that were based on 10 years of trade
(1961-1970), The criteria for evaluating these estimates are twofold.
First, the estimated elasticity must be realistic. If, for instance,
negative elasticities are produced, they are not used in forecasting
dyadic trade since trade'in thz long run will generally increase as
income increases. Second, bzsic statistical theory is used to test
the validity of the equations. Thus, even if the elasticity has a real-
istic value, we will repeal the results if the statistical tests tell us
that the reliability of the output is questionable. In cases where the
empirically determined elasticities are of limited explanatory value
or have yielded inconclusive results, we have substituted the empiri-
cally determined value by an elasticity equal to 1. Although the reli-
ability of these qualitative estimates is open to question, we feel that
‘this substitute value, where needed, is useful as a working assump-
tion. We do not argue that this unit elasticity is the actual elasticity
value; rather, these substitutes are used so that trade forecasts for

all dyads can be generated in keeping with the needs of this study.

Certain overall obsarvations can be made on the empirically derived
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estimates of the income elasticities of imports. First, the vast ma-
jority of the elasticities generated were intuitively acceptable and re-
flect the patterns of international trade during the last two decades.
Countries that experienced balance of payments deficits, such as the
United Kingdom, were found to possess larger elasticities than those

of their trading partners. By the same token, countries that experi-

enced persistent balance of payments surpluses, such as West Germany,

were found to possess smaller elasticity values than those of their

trading partners.

Second, GNP was a more important variable in explaining Western
Europe's imports from Eastern Europe than it was in explaining East-
ern Europe's imports from Western Europe. Thus, for example,
épproximately 92 percent of the change in imports of the United King-
dom from Romania was explained by changes in the United Kingdom's
GNP; but only 40 percent of the change in imports from the United
Kingdom to Romania was accounted for by Romania's change in GNP.
However, within each Communist and non-Communist political bloc,
the variance explained by changes in GNP of intrabloc dyadic trade
was notably higher. A plausible explanation is that trade initiated by
Communist nations with non-Communist economies is often deter-

mined by both political and economic considerations, and the effect

of simple changes in the GNP of the Communist country is less likely to

directly induce change in that country's trade with the West.

Third, an examination of the computed elasticities for dyads involving
Eastern and Western European countries indicates that elasticities
for the non-Communist countries are, for the most part, larger than

those describing Communist imports of non-Communist goods. Thus,

a 1 percent rise in a non-Communist country's GNP induces
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proportionally more imports from a Communist nation than does a
similar rise in the GNP of a Communist economy. A review of the
data offers some explanation. Since; Communist elasticities reflect
the growth of trade and GNP's of the 1960's only, the large percentage
growth in absolute terms of West to East trade in the 1950's is not
reflected as it is within the non-Communist estimates. Since this
""catching up' process of East to West trade is not fully achieved, it
is not unrealistic to employ these "inflated'" elasticities to forecast

East-West trade.

Finally, consistently poor results were obtained for many dyads in-
volving East Germany and Iceland. In reviewing the import trade
values of these two nations, it was observed that much of this year-to-
irear dyadic data exhibited little variance. In addition, there were
several instances where missing data or the lack of trade with another
country limited the number of observations to a point where the signif-
icance of the output was questionable. Where poor results were ob-
tained, E = 1.00 was substituted.

INTERNATIONAL ALIGNMENT 4

Since the closing days of the Second World War, alignment with the

United States and the Soviet Union has been a crucial variable in the

international politics of the European region. Clearly, nations' patterns

of alignment with respect to these major powers will continue to be
important for public policy purposes, particularly within the national

security community. How and to what extent the European countries

& For a complete discussion of this descriptor, see Volume II,

Chapter 5 of this study.
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tend to cluster around the major powers will have important effects
on the international politics of the European region. In the context
of this long-range forecasting model, these effects are sezn in the role
alignment plays as a predictor variable for other central environmental
descriptors, particularly internal instability, military powerbase, and

international conflict.

Bipolar alignment schemata are usually one-dimensional; alignments
with the United States and the Soviet Union are considered mutually ex-
clusive patterns of behavior. But a single-scale conceptualization
cannot differentiate types of nonalignment or multialignment. Thus,
the analyst cannot determine whether a nation that li=s in the middle

of the scale is nonaligned or multialigned.

The long-range environmental forecasting model addresses this pro-
blem by employing a modified bipolar schema for deterrnining inter-
national alignment in the European region. Essentially, the modifica-
tion consicers each nation's alignment with both major powers. Two
aspects cf alignment are explicitly described; the extent of major-
power alignment; and the manner in which nations distribute their

major-power alignment between the United States and the Soviet Union. ;

The modified bipolar alignment schema is represented on a two-

dimensional plane. (See Figure 1.) The extent and distribution of ;

major-power alignment are derived by considering the characteristics

of a vector that originates at the point (0.0, 0.0) and ends at a given

nation's coordinates. The length of this vector (designated R) serves
as a measure of the extent of alignment; the angle of the vector (de-
signated 6 ) represents the distribution of that alignment between the

United States and the Soviet Union. Thus, -a nation whose coordinates

:
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‘ Figure 1. Transformations of Alignment Scores
E ||
“ |
% ' lie quite close to the point (0.0, 0. 0) has a very short vector and is
:; relatively nonaligned with the major powers. A nation whose vector |
g‘ ; ha's an angle of 0° from the horizontal axis is completely aligned with
E the Soviet Union, while a nation whose vector has an angle of 90° from
‘ the horizontal axis distributes its major-power alignment totally with
i !
f the United States. A vector angle of 45° indicates alignment distributed
! equally with both major powers.

In this way, the analyst can determine whether a nation is highly aligned

or nonaligned with a major power based on the length of the vector,
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and aligned with one or both major powers based on the angle of the

vector. These two aspects of major-power alignment, although dis-

1
:
A
g

tinct, are explicitly related. Together they enable us to describe and
forecast clusters of nations aligned with the United States or with the

Soviet Union, as well as clusters of nonaligned and multialigned nations.

Two paired components are included in the composite alignment scores
for each nation. The first is the percentage of United Nations General

Assembly votes in agreemenf with the United States and with the Soviet

o PR AT

Union, respectively. Only those roll-call votes on which the United

T |

States or the Soviet Union's position was explicit were used. While a

single vote in agreement with one of the major powers may not indicate

R R .

alignment with that power, United Nations voting patterns over the years
do indicate general agreement with one or the other superpower. 3
Furthermore, unlike the policy statements of national leaders which

are rarely precise enough to be reduced to quantitative terms, United

Nations roll-call votes force a nation to take an identifiable position

that can be quantified.

oy AR

The United Nations roll-call votes may be viewed as the diplomatic

e Gk BRI

dimension of alignment. The second paired component addresses the

military dimension of alignment. The'percentage of a nation's mili-

daeraza, s LA e o L

tary treaties with the United States and the Soviet Union, respectively,
is used as the measure of the military dimension of alignment. Com-
posite pairs of alignment scores are computed by finding the mean of

the scores for the diplomatic and military dimensions.

s D R (L

Multiple regression analysis was the basic technique utilized to gener-
ate a forecasting model for each aspect of major-power alignment.

Each predictor variable hs'pothesized to be related to an alignmen’

Y
)
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measure was examined to determine its usefulness within the substantive
context of Eastern and Western Europe. For those variables that proved
useful as predictors, estimates of the direction and magnitude of their
linkages with international alignment measures were generated. (See

Volume II, Chapter 5 of this report for parameter estimates.)

The forecasting models for the extent and distribution of major-power

alignment were used to generate ''expected'' values for those two as-
pects of alignment for the European nations in the 1960's. These
"postdicted" values were then compared with actual values for both
aspects of alignment to determine where the forecasting models were

especially accurate and where they were less accurate.

'fhe forecasting equations developed for ALIGNR and ALIGN ® are more
than adequate quantitative representations of these two aspects of na-
tions' international alignment patterns. The equation for ALIGNR ex-
plained well over 90 percent of the variance in that variable, with each
predictor contributing significantly to the overall model. In postdicting
ALIGNR, we found that only one country, Switzerland, showed sub-
stantial postdiction error. For the other 24 countries, the level of

postdiction error was below 15 percent, and for 60 percent of the nations,

" it was below 10 percent.

The forecasting equation for ALIGN @ was nearly as successful in ex-
plaining variations in alignment distribution. The equation as a whole
explained more than 80 percent of the variance in that variable, and
again each of the predictors contributed significantly to the model.
Postdiction results were especially accurate for nations that experi-
enced rather stable alignment itterns during the postdiction period:

Switzerland, West Germany, and the Eastern European allies of the
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Soviet Union. Postdiction was nearly as good for the larger Western
European allies of the United States: 'the United Kingdom, France,
Italy, Netherlands, Sweden, Denmark, and Turkey. Only five nations
evidenced disappointing postdiction results: Austria, Yugo slavia,
Spain, Portugal, and Ireland. Austria and Yugoslavia, of course,
attempted to develup nonalignment postures during the 1960's, contrary
to their previous behavior. Spain and Portugal evidenced disappointing
results because of their anomalous characteristics; they are the only

U.S. allies in Western Europe to have centrist governinents.

Both forecasting models relied primarily on the temporal continuity of
international alignment patterns. Each was developed with an eye to-
ward describing those recurring patterns and then explaining deviations
f'rornl those long-term patterns. Of course, nations that experience
wild fluctuations in alignment patterns are less susceptible to accurate

forecasting than are nations that show some continuity and pattern.

The models developed are used to generate long-range forecasts of

the extent and-distribution of major-power alignments for the European

nations. (See Volume II, Chapter 7 of this report for forecasts of in-
ternational alignment.) This information is then used to place each

of these countries on the two-dimensional major-power-alignment
plane. Thus, the clustering of nations in their alignments with the
United States and the Soviet Union can be forecast over the long range.

INTERNATIONAL CONFLICT >

Conflict is a central descriptor in the Long-Range Environmental

2 For a complete discussion of this descriptor, see Volume I,

Chapter 6 of this report,

28

Y

i
Vi
i
3.

PR, W TN ) PR L

.
3




cills 3o b e i LR O B ek e e g o b
i TR R AR O S UL 0 M
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